It is widely believed that the frequency selectivity of the auditory system is largely determined by processes occurring in the cochlea. If so, musical training would not be expected to influence frequency selectivity. Consistent with this, auditory filter shapes for low center frequencies do not differ for musicians and nonmusicians. However, it has been reported that psychophysical tuning curves (PTCs) at 4000 Hz were sharper for musicians than for nonmusicians. This study explored the origin of the discrepancy across studies. Frequency selectivity was estimated for musicians and nonmusicians using three methods: fast PTCs with a masker that swept in frequency, ''traditional'' PTCs obtained using several fixed masker center frequencies, and the notched-noise method. The signal frequency was 4000 Hz. The data were fitted assuming that each side of the auditory filter had the shape of a rounded-exponential function. The sharpness of the auditory filters, estimated as the Q 10 values, did not differ significantly between musicians and nonmusicians for any of the methods, but detection efficiency tended to be higher for the musicians. This is consistent with the idea that musicianship influences auditory proficiency but does not influence the peripheral processes that determine the frequency selectivity of the auditory system.
Introduction
It is commonly assumed that the frequency selectivity of the auditory system is primarily determined by the filtering that takes place in the cochlea. Consistent with this, behavioral estimates of frequency selectivity obtained in masking experiments are similar to estimates obtained from the auditory nerve or via otoacoustic emissions (Evans, 2001; Evans, Pratt, & Cooper, 1989; Sumner et al., 2018) . If frequency selectivity is determined in the cochlea, one would not expect musical training to influence frequency selectivity, as it seems unlikely that such training would affect the biophysical processes that determine tuning in the cochlea. However, there is controversy about whether or not musicians have sharper auditory filters than nonmusicians. Soderquist (1970) showed that musicians were better than nonmusicians at hearing out individual components in a complex sound with many sinusoidal components. At first sight, this might be taken as indicating superior frequency selectivity for musicians. However, it might also be a consequence of the generally greater skill of musicians in using a limited amount of sensory evidence, especially in pitch-related tasks (Micheyl, Delhommeau, Perrot, & Oxenham, 2006) . Fine and Moore (1993) confirmed the finding of Soderquist (1970) that musicians were better than nonmusicians at hearing out individual components in a complex sound. However, they also used the notched-noise method (Patterson, 1976) to measure auditory filter shapes at center frequency of 460, 1000, and 2050 Hz and found no difference in auditory filter bandwidth between musicians and nonmusicians. Consistent with this, Oxenham, Fligor, Mason, and Kidd (2003) also used the notched-noise method to measure frequency selectivity at 1000 Hz and found no difference in auditory filter bandwidth between musicians and nonmusicians. Fine and Moore concluded that the 1 Department of Psychology, University of Cambridge, UK 2 Research School of Behavioural and Cognitive Neurosciences, University of Groningen, the Netherlands superior ability of musicians to hear out components in a complex sound was related to better ''listening proficiency'' rather than better frequency selectivity.
More recently, it has been reported that psychophysical tuning curves (PTCs) estimated using a fast method with a sweeping masker (Sek & Moore, 2011) at a center frequency of 4000 Hz were sharper for musicians than for nonmusicians (Bidelman, Nelms, & Bhagat, 2016; Bidelman, Schug, Jennings, & Bhagat, 2014) . If this truly reflects a difference in frequency selectivity, it implies either that frequency selectivity measured behaviorally is not determined entirely in the cochlea or that the tuning of the cochlea can be modified as a result of musical training, perhaps via efferent feedback to the cochlea through the medial olivocochlear (MOC) reflex, which regulates the operation of the outer hair cells and can affect cochlear tuning (Bidelman et al., 2016; Guinan, 2006) . Consistent with the latter interpretation, Bidelman et al. (2016) reported that cochlear tuning estimated from otoacoustic emissions was sharper for musicians than for nonmusicians.
There are several differences between the research of Fine and Moore (1993) and Oxenham et al. (2003) and that of Bidelman et al. (2014 Bidelman et al. ( , 2016 . One is the signal frequency, which was 2050 Hz or below for the former and 4000 Hz for the latter. Indeed, Bidelman and coworkers did not find a difference between musicians and nonmusicians in the sharpness of fast PTCs for a center frequency of 1000 Hz, supporting a role of signal frequency. However, it is unclear why musicianship should affect frequency selectivity at 4000 Hz but not at lower frequencies.
Another difference between studies is in the methods used: notched noise versus fast PTCs. PTCs obtained in simultaneous masking can be influenced by the detection of beats between the signal and masker (Alca´ntara, Moore & Vickers, 2000; Kluk & Moore, 2004; Moore, Alca´ntara, & Dau, 1998) . Beats provide a salient detection cue for masker frequencies close to the signal frequency but not for large masker-signal frequency separations (Kohlrausch, Fassel, & Dau, 2000) , and this can artificially sharpen the tips of the PTCs, even when a narrowband noise masker is used (Kluk & Moore, 2004) . Musicians may be more adept at detecting beats than nonmusicians, and this may account for the sharper PTCs of the former. Beats are not audible for a tone presented in notched noise, and this could explain why Fine and Moore (1993) did not find a difference between musicians and nonmusicians in the bandwidths of auditory filters estimated using the notched-noise method. However, beat detection cannot account for the finding of Bidelman et al. (2014) that PTCs obtained using forward masking were sharper for musicians than for nonmusicians for a center frequency of 4000 Hz (but not 1000 Hz).
PTCs can also be influenced by ''off-frequency listening,'' which refers to the use of auditory filters centered away from the signal frequency in order to detect the signal. It is assumed that, when detecting a signal in noise, the subject makes use of the output of the auditory filter that has the highest signal-to-masker ratio (Fletcher, 1940; Patterson & Moore, 1986) , and this filter is not necessarily centered at the signal frequency (Patterson & Nimmo-Smith, 1980) . Off-frequency listening leads to sharper PTCs than would occur if subjects always made use of the output of the auditory filter centered at the signal frequency (Johnson-Davies & Patterson, 1979; O'Loughlin & Moore, 1981; Patterson & Moore, 1986) . Musicians may be more adept at off-frequency listening than nonmusicians; this is a second factor that may account for the sharper PTCs of the former. In contrast, the notched-noise method limits off-frequency listening (because the ''best'' auditory filter to use is always centered close to the signal frequency), and off-frequency listening can be taken into account when analyzing the results (Glasberg & Moore, 1990; Patterson & Nimmo-Smith, 1980; Patterson, Nimmo-Smith, Weber, & Milroy, 1982) .
Finally, during the measurement of PTCs, especially using the fast method, musicians may be better at selecting the optimal detection cues and auditory filter center frequencies for any specific combination of masker and signal frequency, and this could affect the shapes of the PTCs, especially around their tips, where the detection cues and the optimal auditory filter center frequencies change rapidly with masker frequency.
The objective of this study was to provide a more controlled and comprehensive comparison of the frequency selectivity of musicians and nonmusicians using a method for which beat detection and off-frequency listening play no role or a minor role (notched noise) and using two methods (traditional PTCs and fast PTCs, both determined in simultaneous masking) for which beat detection and off-frequency listening probably play some role. Traditional PTCs are defined here as PTCs determined using several fixed masker frequencies (Chistovich, 1957; Moore, 1978; Small, 1959) . These were included as the detection cues remain stable for any single threshold run (a specific combination of signal frequency and masker frequency), so there is no need to rapidly select the optimal detection cues. A signal frequency of 4000 Hz was used to maximize the chance of finding a difference between musicians and nonmusicians based on the work of Bidelman et al. (2014 Bidelman et al. ( , 2016 .
Method Subjects
Thirty five young adults participated in the experiments, 20 females and 15 males, although not all subjects were tested with all three methods. Their ages ranged between 18 and 30 years with an average of 22 years (standard deviation, SD ¼ 4 years). There were 17 musicians (average age of 22 years) and 16 nonmusicians (average age of 22 years). Musicians had received more than 5 years of continuous instruction on an instrument or voice, began instruction prior to the age of 12 years, and were currently active in music practice. Nonmusicians had no more than 2 years of self-directed musical training and had no instruction or teaching in music in the last 5 years. They did not regularly perform music at the time of participation in the experiment. All subjects had no known hearing problems. The criteria for selecting the two groups were similar to those used by Bidelman et al. (2014 Bidelman et al. ( , 2016 Subjects were paid for taking part and signed a consent form before the experiment commenced. The study was approved by the Research Ethics Committee of the Department of Psychology of the University of Cambridge.
General Procedure
All testing took place in a double-walled sound-attenuating chamber. Each subject was screened to ensure normal hearing in both ears using a Grason-Stadler audiometer (GSI-61) equipped with Telephonics headphones (TDH 50P) and a Radioear bone vibrator (B-71). All had audiometric thresholds below or equal to 20 dB hearing level for octave frequencies between 125 and 8000 Hz with no air-bone gaps greater than 10 dB. The audiometric thresholds did not differ significantly for the musicians and nonmusicians at any test frequency. Absolute thresholds in dB sound pressure level (SPL) at the test frequency of 4000 Hz used in the main experiment were also measured using the fast-PTC software (Sek & Moore, 2011) . Only the left ear of each participant was tested.
After measurement of absolute thresholds, the shapes of the auditory filters were estimated using the three methods, which were tested in an order that was selected randomly for each subject. The methods were fast PTCs, traditional PTCs determined in simultaneous masking, and the notched-noise method. Subjects faced a screen while being presented with stimuli via Sennheiser HD580 headphones. These have a frequency response at the eardrum that approximately matches the diffusefield-to-eardrum transfer function (Killion, Berger, & Nuss, 1987; Moore, 2012) . Response choices were made with a keyboard and mouse. Stimuli were generated digitally via an external 16-bit resolution soundcard (M-Audio Delta) and fed to the headphones via a Hatfield manual attenuator Type 2125.
For all measurements involving forced-choice procedures (absolute thresholds, notched noise, and traditional PTCs), the observation intervals lasted 500 ms and were separated by 300 ms. The signal duration was 300 ms, including 20-ms raised-cosine ramps. The correct interval was identified after each trial by flashing a box on the screen. A three-down, one-up decision rule was used, which tracks the 79.4% correct point on the psychometric function (Levitt, 1971 ). The step size was 4 dB until two turnpoints had occurred and was 2 dB thereafter. Ten turnpoints were obtained, and the threshold was estimated as the average level at the last eight. Two estimates were obtained, and the final estimate was obtained by averaging these two.
Determination of Absolute Threshold
The absolute threshold at 4000 Hz was determined initially from the audiogram and then measured more precisely using the fast-PTC software package (Sek & Moore, 2011) . A three-alternative forced-choice procedure was used, with intervals when the signal might occur indicated on the screen.
Notched-Noise Method
The abbreviated notched-noise method described by Stone, Glasberg, and Moore (1992) was used here. The noise masker consisted of two bands with a spectral notch between them, and the signal frequency f s (4000 Hz) fell in the notch. The overall level of each band was fixed at 67 dB SPL, giving a level of 70 dB SPL in total, and the signal level was varied to estimate the detection threshold. All noise bands had a width of 0.4f s , and there were eight notch widths, four symmetrical and four asymmetrical about f s . Notch widths are expressed as the deviation of the lower and upper edges of the notch from f s . The notch widths were 0.0f s and 0.0f s , 0.1f s and 0.1f s , 0.2f s and 0.2f s , 0.4f s and 0.4f s , 0.1f s and 0.3f s , 0.3f s and 0.1f s , 0.2f s and 0.4f s , and 0.4f s and 0.2f s , and they were tested in that order. Practice was given using condition 0.0f s and 0.0f s and condition 0.4f s and 0.4f s before the formal experiment. A two-alternative forced-choice procedure was used.
Traditional PTCs
Traditional PTCs were measured using a 4000-Hz signal whose level was fixed at 15 dB sensation level (SL). The masker level was varied to determine the detection threshold for each masker center frequency. The masker bandwidth was 300 Hz, as recommended by Kluk and Moore (2004) . This reduces the salience of beats as a cue but probably does not eliminate the influence of beat detection. Seven fixed center frequencies of the noise were used, one at a time: 3005, 3306, 3636, 4000, 4400, 4840, and 5320 Hz. Subjects were tested at 3005 Hz and 3306 Hz once for training, and the formal experiment was done following a sequence from lower frequencies to higher frequencies. A two-alternative forced-choice procedure was used.
Fast PTCs
The level of the 4000-Hz signal was set to 15 dB SL. The signal was pulsed on and off in a regular sequence (500-ms on, 300-ms off), while the noise was continuous and was swept in center frequency from 3005 to 5320 Hz (upward sweep) or 5320 to 3005 Hz (downward sweep). Subjects were asked to press and hold the space bar when they heard the signal and to release it when they did not. The masker level was increased by 2 dB/s while the space bar was pressed, and the masker level was decreased by 2 dB/s while the space bar was released. At the start of each run, the signal was played for 3 s without any masker so that the subject ''knew what to listen for.'' The initial masker level was set 30 to 40 dB above the signal level. Each sweep took 4 min. Participants were trained using one upward and one downward sweep. If the PTC appeared very erratic, up to two additional runs were used. However, even after training, the PTCs appeared erratic for some subjects. In the main experiment, an upward and a downward sweep were used in random order.
Data Analysis
The spectra of all stimuli were adjusted to allow for the frequency response of the Sennheiser HD580 headphone and the response of the middle ear so that levels were expressed as the effective level at the cochlea. This allows the shape of the auditory filter to be estimated more accurately (Glasberg & Moore, 1990; Moore, Glasberg, & Baer, 1997) . The frequency response of the headphone was estimated using an acoustic manikin, Knowles Electronic Manikin for Acoustic Research (Burkhard & Sachs, 1975) , using the average of responses measured with the large and small pinnae. The assumed transfer function of the middle ear was the same as described by Glasberg and Moore (2006) .
The data obtained using all three methods were analyzed assuming that each side of the auditory filter took the form of a rounded-exponential function (Patterson et al., 1982) . The lower side of the filter was characterized as
and the upper side was characterized as
where g is the deviation from the center frequency of the filter divided by the center frequency, p l and p u are parameters characterizing the lower and upper slopes of the main passband of the filter, respectively, t l characterizes the slope of the shallower ''tail'' of the auditory filter on the low-frequency side, and w determines the transition between the main passband and the tail. For the notched-noise data, the best-fitting values of p l , p u , t l, and w for each subject were determined using the method described by Glasberg and Moore (1990) . Starting values of the parameters were chosen, and the filter shape defined by Equations 1 and 2 was used to predict the threshold for each notch width based on the assumptions of the power-spectrum model of masking (Patterson & Moore, 1986 ). The parameter values were then iteratively adjusted so as to minimize the rootmean-square difference between the obtained and predicted values. Off-frequency listening was taken into account by allowing the center frequency of the auditory filter to shift over the range 0.85f s to 1.15f s to find the center frequency at which the signal-to-noise ratio at the output of the filter was highest for each notch width. To ensure ''reasonable'' results, the passband slope parameters were restricted in value (0 p l , p u 50) and asymmetry (0.1 p u /p l 10). The analysis yielded estimates of the values of the four parameters characterizing the auditory filter and also an estimate of parameter k, the signal-to-masker ratio at the output of the auditory filter required to reach the threshold value. This is a measure of detection efficiency (Patterson & Moore, 1986) . Detection efficiency refers to the ability to make use of a given amount of sensory evidence. For example, the signal may be detected as an increase in the level of the output of the auditory filter. Some subjects require a smaller increase in level than others, and this results in a smaller value of k, that is, greater detection efficiency. We hypothesized that the values of k would be lower (better) for musicians than for nonmusicians because of the generally greater auditory proficiency of the former.
The data obtained using the fast-PTC method were jagged in form, reflecting the continually changing masker level (Sek & Moore, 2011) . These data were initially smoothed using a two-point moving average. Following this, the data for the fast PTCs and the traditional PTCs were analyzed in the same way. The method was similar to that used to analyze the notched-noise data, except that the rounded-exponential filter model was used to predict the masker level required just to mask the signal for each masker center frequency. For the PTC data, off-frequency listening was not taken into account, as the extent of off-frequency listening depends on the exact form of the absolute threshold as a function of frequency in the region around f s , and this was not known. Also, we wanted our analyses to be comparable to those of Bidelman et al. (2014 Bidelman et al. ( , 2016 , and they did not take off-frequency listening into account.
The overall sharpness of the auditory filters was characterized by the Q 10 value, which is the center frequency divided by the bandwidth measured 10 dB away from the tip. For the fast PTCs, Q 10 was estimated separately for the upward masker sweep and the downward masker sweep for each subject, and then the Q 10 values were averaged. Bidelman et al. (2014 Bidelman et al. ( , 2016 ) also used Q 10 to quantify the sharpness of the PTCs. For all three methods, the values of w were small. This allowed the Q 10 values to be calculated approximately (Hartmann, 1997; Patterson et al., 1982) as follows:
Results

Fast PTCs
Some subjects did not produce consistent fast PTCs or did not produce PTCs with a well-defined tip. In a few cases, this was due to a programming error that led to the signal being set to a level lower than 15 dB SL. In other cases, the subjects simply gave erratic results, possibly because they sometimes ''forgot what to listen for.'' Consistent PTCs, with similar shapes for upward and downward frequency sweeps, were obtained for 11 nonmusicians and 12 musicians, and the data were analyzed only for these subjects. Figure 1 shows histograms of the Q 10 values for the two groups. The histograms were very similar for the two groups. Mean Q 10 values were 5.3 (SD ¼ 1.0) for the nonmusicians and 5.5 (SD ¼ 1.1) for the musicians. As the Q 10 values were not normally distributed, the two groups were compared using the nonparametric Mann-Whitney U test. The difference between the groups was not significant (U ¼ 56.5, z ¼ .55, p ¼ .58). The Q 10 values are similar in overall magnitude to those for the fast PTCs obtained by Bidelman et al. (2014) , except that they found a slightly lower mean Q 10 for 9 nonmusicians (about 4.5) and a slightly higher mean value for 10 musicians (about 6). However, Bidelman et al. (2016) obtained markedly higher Q 10 values for 14 musicians (mean & 10), while the Q 10 values for 13 nonmusicians (mean & 6) were similar to those found here.
Traditional PTCs
Due to limited time availability, two nonmusicians and one musician did not complete testing for the traditional PTCs. Hence, data were available for 15 nonmusicians and 17 musicians. Figure 2 shows histograms of the Q 10 values for the two groups. The histograms were very 
Notched-Noise Method
Notched-noise data were available for all subjects. Figure 3 shows histograms of the Q 10 values for the two groups. The histograms were very similar for the two groups. Mean Q 10 values were 4.6 (SD ¼ 0.78) for the nonmusicians and 4.5 (SD ¼ 0.76) for the musicians. Based on a Mann-Whitney test, the Q 10 values for the two groups did not differ significantly (U ¼ 138.5, z ¼ À.46, p ¼ .65). Figure 4 shows histograms of k values for the two groups. Although there was considerable overlap of k values for the two groups, the mean value was lower (better) for the musicians (mean ¼ 1.2 dB, SD ¼ 3.0 dB) than for the nonmusicians (mean ¼ 3 dB, SD ¼ 3.9 dB). The k values were approximately normally distributed. The significance of the difference between groups was assessed using a one-tailed nonmatched samples t test, as we hypothesized that the musicians would have lower k values than the nonmusicians. The outcome was significant: t ¼ À1.49, p ¼ .037.
Discussion
The results for the fast PTCs differ from those obtained by Bidelman et al. (2014 Bidelman et al. ( , 2016 , despite the fact that the methods used were very similar. One difference across studies is that Bidelman et al. used only upward frequency sweeps, while we used both upward and downward sweeps. When the masker center frequency is swept upward, the masker level required for threshold usually increases rapidly when the masker frequency is just above the signal frequency. In this region, subjects need to press and release the space bar rapidly in order to ''track'' the threshold correctly. Musicians may be more adept at this than nonmusicians. When we analyzed the Q 10 values only for the upward sweeps, the results showed a similar trend to those of Bidelman et al. (2014 Bidelman et al. ( , 2016 . The mean Q 10 values were 5.9 for the musicians and 5.3 for the nonmusicians, compared with values of about 6 and 4.5, respectively, obtained by Bidelman et al. (2014) , and 10 and 6, respectively, obtained by Bidelman et al. (2016) . However, the difference in our data was not significant. It is noteworthy that the Q 10 values for our fast PTCs never exceeded 7 for either group.
Another difference across studies is that we fitted the data objectively using the rounded-exponential filter model. Bidelman et al. (2014 Bidelman et al. ( , 2016 did not specify exactly how Q 10 values were estimated from their fast PTCs, but presumably this was done ''by eye.'' Finally, we tested only the left ear of each subject, while Bidelman et al. tested only the right ear. However, we are not aware of any data showing differences in frequency selectivity across ears for young normal-hearing subjects. Bidelman et al. (2014) also estimated PTCs in forward masking using a signal frequency of 4000 Hz. The PTCs obtained in this way were significantly sharper for musicians than for nonmusicians. The shapes of PTCs in forward masking depend on the ability to use the available detection cues. When the signal frequency is equal to the masker center frequency, the signal may be confused with the masker, as it sounds like a continuation of the masker (Moore, 1980; Moore & Glasberg, 1985; Neff, 1986; Terry & Moore, 1977) . When the signal frequency differs from the masker center frequency, subjects report listening for a small change in pitch at the end of the masker (Moore, 1981) . Musicians may be more sensitive to this pitch cue than nonmusicians, and this could account for the sharper PTCs of the musicians found by Bidelman et al. (2014) . Thus, the difference across groups may not reflect a difference in frequency selectivity but instead may reflect a greater ability of musicians to use pitch cues. A weakness of this explanation is that it does not account for the fact that Bidelman et al. found sharper forward-masking PTCs for musicians than for nonmusicians only at 4000 Hz and not at 1000 Hz. If the sharper PTCs for musicians were a result of a better ability to use pitch cues, one would expect a difference at both center frequencies. Bidelman et al. (2016) estimated physiological tuning curves by measuring the suppression of stimulus-frequency otoacoustic emissions, which are assumed to reflect the tuning characteristics of the cochlea (Charaziak, Souza, & Siegel, 2013) . For a frequency of 4000 Hz, these also showed significantly sharper tuning for musicians than for nonmusicians. Clearly, this finding cannot be explained in terms of group differences in the ability to use the available detection cues. Bidelman et al. (2016) suggested that the effect of musical training might be a consequence of changes in cochlear mechanics, such as changes in the regulation of the motor protein prestin (Liberman et al., 2002) . They also suggested that ''sharper cochlear tuning could originate from training-related efferent feedback through the medial olivocochlear (MOC) fibers.'' Consistent with this, it has been shown that musical training is associated with strengthening of the ipsilateral and contralateral MOC efferent system (Bidelman, Schneider, Heitzmann, & Bhagat, 2017) . However, a problem with this explanation is that activation of the efferent system by stimulation of the ear opposite to the test ear tends to reduce the sharpness of tuning measured using PTCs for high center frequencies, rather than to increase it (Vinay & Moore, 2008; Wicher & Moore, 2014) .
None of the three methods used to estimate frequency selectivity in this study showed a significant difference in Q 10 values between musicians and nonmusicians. The results obtained using the notched-noise method are consistent with those of Fine and Moore (1993) who found no significant difference between musicians and nonmusicians in the sharpness of the auditory filters for center frequencies of 460, 1000, and 2050 Hz and of Oxenham et al. (2003) who found no difference across groups at 1000 Hz. We consider the notched-noise method to be the most valid of the methods used here to estimate frequency selectivity, as the results are minimally if at all affected by the detection of beats between the signal and masker and off-frequency listening is taken into account in the analysis of the results. Furthermore, the detection cues used and the ''optimum'' auditory filter center frequency to use remain stable throughout a threshold run for a given notch width. Hence, the results obtained using the notched-noise method lead us to conclude that frequency selectivity as measured in simultaneous masking does not differ for musicians and nonmusicians.
The Q 10 values obtained using the notched-noise method were somewhat smaller, indicating less sharp tuning, than obtained for the PTCs. This is probably a consequence of the results for the fast and traditional PTCs being influenced by beat detection and off-frequency listening both of which tend to lead to sharper PTCs (Johnson-Davies & Patterson, 1979; Kluk & Moore, 2004; O'Loughlin & Moore, 1981) . As noted earlier, the results for the notched-noise method are probably minimally influenced by beat detection, and off-frequency listening was taken into account in the analysis of the results.
Our results showed that detection efficiency, as quantified by the parameter k estimated from the notchednoise data, was significantly better for musicians than for nonmusicians. This may reflect a greater ability of musicians to make use of the available detection cues. When detecting a tone in notched noise, subjects usually report that they listen out for a pitch corresponding to the signal frequency. This pitch might be based on a local peak in the excitation pattern evoked by the toneplus-noise, increased neural synchrony to the signal frequency, or by reduced envelope fluctuations at the outputs of auditory filters centered close to the signal frequency (Mao, Vosoughi, & Carney, 2013; Moore, 1975) . Whatever the neural code involved, it may be the case that musicians are more sensitive than nonmusicians to weak pitch cues, and that this underlies the greater detection efficiency found for musicians. Musicians may also be better than nonmusicians at remembering the weak pitch that they are listening for.
Summary and Conclusions
Frequency selectivity was compared for musicians and nonmusicians using a signal frequency of 4000 Hz for three methods: fast PTCs, traditional PTCs, and the notched-noise method. The methods differed in the extent to which the results might be influenced by factors such as the detection of beats and off-frequency listening. Frequency selectivity, quantified by the measure Q 10 , did not differ significantly across musicians and nonmusicians for any of the three methods, although detection efficiency measured using the notched-noise method was better for musicians than for nonmusicians. The results for the fast PTCs are not consistent with those reported by Bidelman et al. (2014 Bidelman et al. ( , 2016 . Overall, the present results indicate that frequency selectivity does not differ for musicians and nonmusicians.
